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PEEIIMENABr EVALUATION OF THE SEEN AND RECOVER? CHAEACTER33.TiCS ■ 
OF THE. DOUGLAS SF3D-1 AIEPLANE 
By Stanley H. Sober 


SUMMAET 


A preliminary evaluation of the. spin and recovery charaoter- 
istics of the XF3D-1 airplane has been made, based p rimar ily on the 
results of free-spinning -tunnel tests of a model which closely 
simulated the XFJD-l in tail' design, tail length, and mass loading. 
Estimates have been made, of the' rudder-pedal force, that may be 
encountered in effecting jbecove^ry from a spin and of the spin-' 
recovery— parachute 'requirements' of the airplane for demonstration 
spins. The method of bail-out which should be used if it bee canes 
necessary ' for the ' crew to abandon the airplane during a spin is 
indicated. 

“it was indicated that the .recovery characteristics of the 
XF3&-1 airplane in the clean condition for erect' and inverted spins 
would be satisfactory for all loadings specified by the contractor 
as possible on the airplane. However, if a spin is ' inadvertently 
.entered while the slow-down brakes of the airplane are 6pen;rir.'"~ 
while the landing flaps are down, recovery may be slow. .The slow- 
down brakes and the landing flaps should he retracted immediately 
upon the inception of a spinning condition, after* which recovery' 
from the spin should be attempted. The pedal force necessary to 
yeyhrse .the rudder during a spin will be within thA' physical capa- 
bilities of the pilot. Opening a lO-foot-dismeteir parachute attached 
to the tail' ( laid-out-f lat diameter, drag coefficient 0.7) br a' 

4 . 5— foot— diameter parachute attached to the outboard wing tip will 
insure satisfactory spin reoovery from demonstration spins'.' If it 
becomes necessary for the crew to abandon the airplane during a 
spin, they should leave from the outboard side of the cockpit. 
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IMEODUCTIOH 


The Bureau of Aeronautios, Navy Department, reguested the 
National Advisory Committee for Aeronautics to make an investigation 
of the spin and recovery characteristics of the Douglas XF 3 D -1 air- 
plane, which is a midwing, two-place, Jet-propelled fighter airplane. 
The Bureau also requested that an attempt "be made to obtain a 
preliminary idea of the probable spin characteristics of the pro- 
posed XF3D-I pending the construction of a spin model of the airplane 
at a later date. Based on XF3D-I design information available at 
the Langley Laboratory, tests were made in the free-spinning tunnel 
on an available model which was modified to simulate the XF3B-I design. 
The model, as modified, was similar to' the XF3D-I, especially 
in tail design, tail length, and mass distribution, and represented 


31*4 


-scale model of the XF3D-I airplane. The model as tested 


differed from the XF3D-I design primarily in aileron size and deflec- 
tion. Tests were made with the model in the clean condition (flaps, 
..landing gear,, and slow-down brakes retracted) for the normal gross 
weight loading., .'.Later, to determine the effects of the difference 
in aileron^, size and deflection for the model as tested and for the 
XF3D-I airplane, proper changes in the ratios of aileron span to 
wing. span a n d in aileron chord to wing Chord' and changes in the 
aileron deflection were incorporated into the modified model, and a 
few additional tests were made, With these modified ailerons 
installed, brief tests were also' made with the slow-down brakes of 
the XF3D-^L simulated bn the model in the fully open position. 


.The present report contains an evaluation of the spin and 
recovery characteristics of the XF3B-I airplane, based on the results 
of the tests and on spin-tunnel experience. Estimates have -been' 
made of the rudder-pedal force that would be encountered in effecting 
recoveries from spins and of the spin-recovery-paraohute .requirements 
for demonstration spinning. The side. of the cockpit from which- the 
crew should leave if it becomes necessary to abandon the airplane 
• during a spin is- indicated. 

... The present report is considered applicable as a preliminary 
indication of the spin and recovery character! sties of the XE3D— l ain- 
plane. It is planned to make brief tests of an ..actual model! ! of the 
XF3B-I airplane in the free-spinning tunnel in the near future, to- 
confirm the spin and recovery characteristics indicated herein. ; 
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SXMBOIS 


b wing span, feet 

S wing area, square feet 

TF - : mean aerodynamic chord., feet 

x/c ratio of distance of center of gravity rearward of 

leading edge of mean aerodynamic chord to mean 
aerodynamic ohord 

z/c ratio of distance between center of gravity and fuselage 

reference line to mean aerody n amlo chord (positive 
when center of gravity is below fuselage reference line) 

a mass of airplane, slugs 


I X ,I Y ,I Z moments of inertia about Y— , Y— f and Z-body axes 
. respectively, slug— feet 2 


z 7, - h 
mb 2 


inertia yawing-mcment parameter 


IY ~ IZ 
mb 2 


inertia ro lllng-moment parameter 


^ — inertia pitching-moment parameter 


mb" 


P 

n 


a 


i 

V 


air density, slugs per cubic foot 

relative density of 'airplane / 

angle between.- fuselage reference line and vertical .. 
(approximately equal to absolute value of angle of 
attack at plane of symmetry), degrees 

angle between span- axis and horizontal, degrees 

full-scale true rate of descent, feet per Bec.ond; 

full-scale angular velocity about spin axis, revolutions 
per second 


ft 
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APPARATUS AND METHODS 
Model 


An alrp.lane model available at the Langley Laboratory was 
modified in dimensions and mass loading to simulate the XF 3 D-I air- 
plane. In modifying the model, a scaled-down. version of the 
XF 3 D-I tail was installed and proper adjustments of the nose and 
tail lengths were made. The similarity between the model tested 
and the XF3D-1 airplane design may be seen from the comparison 
three-view drawing on figure 1 and in the- list of dimensional charac- 
teristics in table I. The dimensional differences in the original 
ailerons and the XF 3 B -1 ailerons, both of which were tested on the 
model, may be seen in the sketch on figure 2 and in table I. Photo- 
graphs of the model in the clean condition after all modifications 
were made. Including the installation of the XF3D-1 ailerons, are 
shown in figure 3 . Photographs of the model with the slow-down 
brakes in the fully open position are shown in figure 4. 

The model was ballasted with lead weights to obtain dyna m ic 
similarity to the XF 3 D— 1 airplane at an altitude of 33,400 feet 
(p = O.OOO 783 slug per cubic foot). A lower test altitude was not 
used because of difficulty encountered in ballasting the model. The 
loading and wing area were such that the model represented a 

— i— —scale model of the subject airplane. 

31.4 

A remote-o ont rol mechanism was installed in the model to 
actuate the rudder for recovery tests. 


Wind Tunnel and Testing Technique 

The tests were performed in the Langley 20-foot free-spinning 
tunnel, the operation of which is generally similar to that described 
in reference 1 for the Langley 15 -foot free-spinning tunnel except 
that the model— launching technique has been changed. With the 
controls set in the desired position, the model is launched by hand 
with rotation into the vertically rising air stream. A photograph 
whiah shows the test section of the Langley 20-foot free— spinning 
tunnel and a model spinning in the tunnel is shown in figure 5 . After 
a number of turns in the established spin, the recovery attempt is 
made by moving one or more controls by means of the remote-oontrol 
mecha n ism. After recovery, the model dives into a safety net. The 
spin data obtained from these tests are then converted to corres- 
ponding full-eoale values by methods described in reference 1 . 
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In accordance with standard spin-tunnel procedure, tests were 
performed to determine the spin and recove 17 characteristics of . 
the model, for the normal-spinning oontrol configuration (elevator 
full up, ailerons neutral, and rudder full with the spin) and for 
various other aileronr-e levator combinations including neutral and 
maximum Bettings 'of the surfaces; Recovery was generally attempted ; 
by rapid reversal of the rudder from .full with 'to full against the 
spin. Tests were also performed to evaluate the possible adverse 
effects on recovery of small deviations from the normal control 
configuration for spinning. For these, tests, the elevator was set 
at two— thirds of its full-up deflection and the ailerons were set . 
at one— third of full defleotion in the direction conducive to slower 
recoveries (against the spin for the XFJD-l airplane). Recovery 
from this spin was attempted, by rapidly reversing the rudder from 
full with to two-thirds against the spin; This particular control 
configuration and manipulation is- referred to as the ‘'criterion spin," 


Turns for recovery are measured from the time the controls are 
.moVed to- the time the spin rotation ceases. The criterion, for a 
satisfactory recovery, from a spin for the model has been adopted 
as 2' turns' or- less, based primarily on the loss of altitude of 
the airplane during .the recovery and subsequent dive; Recovery 
characteristics of the model may be considered satisfactory, however, 
if recovery attempted from the criterion spin in the mariner previously 
described requires only : 2-* . turns . 

For recovery, attempts in which the model struck the safety - 
net before recovery .oould be : effected because of an unusually high 
rate, of descent, the number of turns from the time the controls were 
moved to the time the model struok the safety net were recorded. 

This number indicated that the model required more turns’ to recover 
from the Bpin than 'shown, as for example >3. A >3-tum reoovery, 
however, does not necessarily indioate an improvement when compared 
to a >7— turn reoovery. A recovery attempt'ln which the model failed 
to recover in less than 10 turns is indicated by 00, Some reoovery 
attempts were made before the model had lost all of the rotational 
energy imparted to it when launched in the air stream. Such reoovery 
data are noted as "recovery attempted before model reached its final 
steep attitude," Reoovery results so obtained are considered 
conservatives that is, the recoveries are somewhat slower than those 
that would have been obtained had the model been in its final steep 
spin attitude. 
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PRECISION 


Tiie spin results presented herein are- believed to be the true 
values given by the model within the following Halts: 


V. ‘ . " ' * 

o> degree ....... > . . 

0, degree ..... -■+. » . . 

V, percent' . . : 

.A, percent . .... < . . . 

Turns for recovery. . . . . 



±1 

... . 'V . . . V. ±5 
............. ±2 

f ±l/4 turn, obtained from 
i , motion-pioture records 


■ The preceding limits may.have been exceeded for- oertain spins 
in which It was difficult to control the model in the' tunnel 
because of its high rate .of descent; - = ■*■ 


f Comparison between model and airplane, spin results (references 1 
and’.2ji indicates that spinr-tumel results are . not: always Incomplete 
agreement with airplane spin results . In general, the models spun 
.steeper, at a somewhat higher rate of descent, and at from 5° to 10° 
more outward sideslip than did the corresponding airplanes.' The 
comparison made in reference '2 for 20 airplanes showed that, for 
16 of the models, the tests predicted adequately the corresponding 
airplane reoovery characteristics. For. two of the models tested, 
the recovery results were conservative and for two of the models, the 
results were optimistic . 

Because of the impracticability of exact ballasting of the 
model, the measured moments of inertia varied from the true scaled- 
down values by the following amounts : 


I* 


3 low 
2 low 
h low 


The-aoouracy of measuring the weight and mass distribution of 
the model is believed to be within the following limits : 


Weight, percent ±1 

Cent er-of— gravity looation, percent c - . . . £1 

Moments of inertia, percent ±5 


Control settings were mode with an accuracy of ±1°. 


WACA EM Wo. L7F18 



TEST COKDITIOWS 


Maes characteristics and maBS parameters for the normal gross— 
weight loading condition and other loading conditions possible. on 
the XF3D-I airplane, as well as for the loading tested on the 'model, 
are listed in table II. The mass distribution parameters for these 
loadings are plotted on figure 6. As discussed in reference 3,' 
figure 6 oan be used in predicting the relative effectiveness of. the 
, oontrols on the recovery characteristics of an airplane'. 

1 

Tail-damping power factor was computed by the method described 
in reference 4 and was 1060 x 10“° for the XF3IJ— 1 airplane and 

1204 X 1CT 6 for the model tested. Spin-tunnel experience indicates 
little significance of such a difference in tai 1-damping power 
factor when the actual values are relatively high, as these .are. 

For most of the tests, the maximum control deflections used • 

were : 

Eudder, degrees . . . 25 right, 25 left 

Elevator, degrees ................. 25 up, 15 down 

Ailerons, degrees ................ .15 up, 15 down 

The corresponding intermediate control deflections used-were: 

Eudder 2/3 deflected, degrees . 

Elevator 2/3 up, degrees . . . 

Ailerons 1/3 deflected, degrees 

For the brief tests in which the XF3B-I aileron design was . 
incorporated into the model, the aileron-up deflections were 20° 

(maximum) and 6^° (intermediate). - 

EESUIZTS AWD DISCOSSIOW 


■. . . . 16-2 
3 

.... 16 2 
3 

5 up, 5 down 


The results of the tests, made with the model in the clean 
condition for the normal gross-weight loading with the original . 
ailerons installed on the model are- presented in table III. The. . 
results of the tests made with the XF3D-I ailerons simulated on 
the model were similar to those obtained when the original ailerons 
were installed and are not presented in tabular form. The tests 
made with the slow-down brakes in idle open position were very brief 
and these results are also not presented in tabular form. 
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Due, apparently, to a slight asymmetry in the model, the test 
results for right and left spins were sometimes slightly different 
andj. although the results are presented for the direction of spin 
which gave the somewhat slower recoveries (arbitrarily presented as 
right spins), they are considered as representative of the airplane 
for spins in either direction. Because of the relatively' high 
equivalent test altitude used for this model, the results obtained 
are considered somewhat conservative. 


Normal Gross— Weight Loading 

Clean condition .— For the clean condition, normal gross-weight 
loading (table III), the model spun at a steep attitude ap.6. with a 
rapid rate-- 'of descent, and satisfactory recoveries were effected 
by rapid reversal of the rudder. In general, the effects of setting 
ailerons against the spin and of moving the elevator down were 
adverse, aausing flatter spins and slower recoveries. Experience 
indicates that, in order to promote recovery in a dive, it is 
desirable that the stick be moved forward of neutral. In order to 
avoid shielding the rudder during rudder reversal, however, it 
appears that the rudder should be fully 'reversed before the stick 
is moved forward. For the airplane, recovery should be made by 
full rapid rudder reversal followed approximately l/2 turn later 
by moving the stick forward of neutral while maintaining it laterally 
neutral: Care should be exercised to avoid entering a spin in the 

opposite direction following rudder reversal and recovery. 

Slow-down brakes open .— With the slow-down ‘brakes in the fully 
open position for the normal gross-weight loading when the controls 
were set at . the criterion configuration, the model spun at an angle 
of attack of about 41° and descended at a rate of 3b2 feet per 
seoond. Ho recovery was obtained from the spin. 

If a spin is inadvertently entered while the slow-down brakes 
of the XF3B-1 airplane are open, the brakes should be retracted 
immediately and reoovezy attempted. 

Landing condition .— Current Navy specifications require airplanes 
in the landing condition to demonstrate satisfactory recovery 
characteristics from only 1-tum spins. Experience' indicates that 
a spinning airplane is still in. the incipient phase of the spin at 
the end of 1 turn and that recovery oan then be readily obtained. 

An analysis of. the results of spin tests of scale models of 
many .airpla n es, and of available airplane fligfht data concerning 
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the effeot of flaps' ami landing gear, indicates that the XFJD-l air- 
plane will recover satisfactorily from a 1— turn incipient spin in 
the lenfling condition. However, if spins in the landing condition 
are allowed to develop 'fully, "they may become flat and. recoveries 
may be slow. It is thus recommended that, in the landing condition 
for this airplane, all fully developed spins be avoided and that 
landing flaps.be retracted and recovery attempted immediately upon 
inadvertently entering a spin in the landing condition. 


Mass Variations from the Normal Gross— Weight Loading 

The mass par ame ters for the various loadings specified by the 
contractor as possible for the XF 3 B — 1 airplane are not appreciably 
different from those' of the normal grQBS-Weight loading. The 
analysis of reference " h indicates that the -tail— damping power factor 
and the mass characteristics of the airplane are such that the 
recovery characteristics should remain satisfactory for any probable 
loading. The effects of control settings and. movements on the spins 
and recoveries should, in general, be the same as those for the normal 
gross— weight loading. 


Inverted Spins 

• . ' i . : ' x ' 

' Based on r the- results of inverted— spin tests of over 40 airplane 
mode 1 b in the free-spinning tunnel (reference 5 )j satisfactory 
recoveries can be obtained from, all inverted spins that the 
Xff3D— 1' airplane may enter. To effect a recovery, the rudder should 
be briskly and fully reversed to oppose the spin rotation and the 
stick should be neutralized. 


Estimated Control Forces 

The discussion so far has been based on control effectiveness 
alone without regard to the force required to move the controls. . The 
controls \of the airplane will have to be moved rapidly in order for 
the airplane recoveries to be comparable to the model test results 
and the airplane estimations. Based oh- the results .of a rec.ent 
investigation (reference 6 ) in which the foroe necessary to reverse 
the rudder of an airplane having a tail design somewhat similar to 
that of the XF 3 D— 1 was measured during static tests of the model in 
attitudes simulating Bpinning conditions, it is estimated that the 
force necessary to reverse the rudder of the XFJD-l airplane during 
a spin will be under 200 pounds, which is within the physical 
capabilities of the pilot. 
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No estimate has been -made of the stiok force inasmuch as 
rudder reversal alone effected satisfactory recovery. It is felt 
that the force required to move the stick forward of neutral 
approximately 1/2 turn after rudder reversal., as recommended, will 
be within the capabilities of the pilot inasmuch as after : the .rudder 
reversal the airplane will nose down steeply and the .elevator .will 
therefore tend to float' near neutral. 


Estimated Spin-Eeoovery— Parachute Requirements 

Based on a recent analysis of results of tests made, on models 
in the free-spinning tunnel, it is estimated that the. opening of 
a 10— foot-diameter flat— type parachute with a drag coefficient of 
0.7 and. attached to the tail of the airplane with a 30— foot towline 
will effect satisfactory spin recovery even if the rudder is not 
moved against the spin, A positive-ejection device should be used 
to throw the parachute pack dear of the tail and to assure rapid 
opening. Various practical tail— parachute installations' are described 
in reference- 7* 

It is estimated that opening a It. 5-foot-diameter flat— type 
paraohute with a drag coefficient of 0.7 and with the towline attached 
to the outer wing tip will also effect satisfactory spin recovery 
without movement of the rudder. The length of the towline should 
be such that the parachute when fully extended Just clears the 
horizontal tail. The parachute pack and equipment should be mounted 
within the airplane structure and a positive— ejection device should 
be used to throw the pack clear and to assure rapid .opening of the 
parachute. . 


Emergency Crew Escape 

Because the cookpit of the XF3D— 1 airplane is located -ahead 
of the leading edge of the wing, an additional hazard exists as 
regards emergency escape during a Bpin, inasmuch as.- the crew will 
have to dear the wing of the airplane as well as the tail. This 
hazard is particularly existent for those spins in which- the rate 
of descent indicated for the airplane is greater than the terminal 
velocity of a man, as is the case for the XF3D-I, for the man will 
have to rise past the descending wing and may therefore be struck. 
In order to insure that the crew' members can leave the airplane . ■ 
without being struck, an ejection system may be desirable. A. 
recent analysis of results- of tests in which model pilots were 
released for approximately 20 airplane models indicates that if- no 
ejeotion system is provided and it becomes neoessaiy to abandon the 
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airplane 3 the crew should leave from the outboard, side. There should , 
be no obstruction in the cockpit between the pilot and the radar 
operator, so that they both can leave the airplane from the outboard 
side in a spin. 

COHCHJSIOHS 


Based on tests of a model simulating the 2F3D-1 airplane design, 
and on spin-tunnel experience, the following conclusions are made 
concerning the probable spin and recovery characteristics of the 
airplane : 

1. For any of the loadings specified by the contractor as 
possible for the airplane, the spin obtained for the normal- spinning 
control configuration for the clean condition will be steep and the 
recoveries will be fast. 

2. For fast recoveries from ereot spins, the stick should be 
held full back and laterally neutral, and the rudder should be fully 
and rapidly reversed; approximately l/2 turn after rudder reversal, 
the stiok should be briskly moved forward of neutral and maintained 
laterally neutral. For satisfactory recoveries from inverted spins 
the rudder should be reversed and the stick neutralized. 

3. Eecoveries from spins with the slow-down brakes open will be 
slow and recoveries from fully developed spins in the landing 
condition may be slow. Slow-down brakes or landing flaps should 

be retracted immediately upon entering a spin. 

h. The force necessary to reverse the rudder during a spin will 
be within the physical capabilities of the pilot. 

5 . Opening a . 10-foot-diameter tail parachute or a h* 5-foot— 
diameter parachute on the outer wing tip (flat-type parachute with 
drag coefficient of 0,7) will provide satisfactory spin recovery. 
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6. If It ie necessary for the crew to abandon the airplane 
during a spin, they should attempt to escape from the outboard 
side of the coakplt. 


Langley Memorial Aeronautical Laboratory 

Rational Advisory Committee for Aeronautics 
Langley Field, Va. 





Stanley H. Soher 
■ Aeronautical Engineer 


Approved by : y . 

Hartley A. Soule 
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TABU! X.— EEMEIBIOHAXi CHAEACTEKISIICS CP TEE XF3D-1 AXRPLAHE 
AHD OP TOE MODEL AS MOE EB T E P TO EEPBESEOT THE ATEETAHE 
(DXMEJBI0H3 ABE POLL-SCAIE) 


2F3D-1 


Model as tested 


Oven-all length, ft ...... 

Wings 

Spaa, ft 

Area, sq ft ........ . 

Section, root ........ 

Section, tip ........ 

Boot (reference) chord 

incidence, deg ...... 

Tip chord Incidence, deg . . 

Aspect ratio 

Sveepbaok of leading edge of 
projected wing, deg . . , 
Dihedral leading-edge chord 

line, deg 

length of mean aerodynsalo 
ohord, in. ........ 


Ailerons: 

Chord (rearward of hinge line), 
percent of wing chord . . . 
Area (rearward of hinge line) , 
percent of wing area . . . 
Span, percent of wing span . . 


Horizontal tail surfaces: 
Incidence fraa fuselage 

reference line, deg . . • . 

Total area, sq ft 

Span, ft ........... 

Elevator area (rearward of 

hinge line), sq ft . . . . . 
Distance from o enter of gravity 
to elevator hinge line, ft . 

Vertical tail surfaces: 

Total area, sq ft 

Rudder area (rearward of hinge 

line), sqft 

Distance free, o enter of gravity 
to rudder hinge line, ft . . 


45.38 


45.38 


50 

.... 400 

HACA lklS-6k 

haca ikia-64 


48.8 

400 

,-uo 

7-110 


. . 5 

2.5 

. . 3 

1.5 

. 6.25 

6.0 

. 5.35 

5-05 

. 3.0 

0 

. 99-5 

100.5 

. 22 

With With 

original XP 3 D -1 
ailerons ailerons 

15 22 

. 8.7 

k .8 8.7 

. 45.0 

kl.k k 5.0 

ng edge 

3.5 up 

up to 0 
92.56 

92.56 

. 20.5 

20.5 

2 k. 74 

2k. 7k 

2 k. 4p 

2k. kO 

. 49. 7 

49*7 

11 . k 6 

11.46 

22.27 

22.27 


Tailr-danrping power factor 
Tail-danplng ratio 
Unshielded rudder volume 
coefficient 


C Deputed by 
„ method 

described in 
reference 2 


0.001060 

0.050700 

0.021000 


0.00120k 

0.0608 

0.0198 
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II.- MASS CHAHACTKEE3E0S in MASS 


EE XF3JWL 


AS P08SIBK 


Ho, Loading 


Oentefc-of-gravlty 

XooatlttL 

Mansarts of inertia ((bout 
the a enter of gravliy 

*/o 

z/S 

X X 

(slng- 

ft 2 ) 

% 

(siue- 

ft 2 ) 

iz 

(slna- 

ft a ) 


Haas paiwBstorB 




Airplane values 


Homal gross 
wight 

21,500 

14.0 

42.5 

0.231 

- 0.031 

16,602 

40,651 

33,807 

Design flight 
grosa Wd#t; 
notie heavy 

18,100 

11.8 

35.8 

.160 

.01 

15,918 

40,724 

34,003 

Design landing 
gross might) tall 
heavy (goer dam) 

16,200 

10.6 

32.2 

.295 

.031 

15,467 

36,876 

49,136 


Model values oonrarted to fuH-soale values 

Hemal grass 
veight 

21,500 

14 

42.5 

0.231 

- 0.031 

16,115 

39,798 

51,860 
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TAB1S m.- SEEN AND EEC OVERS CHARACTERISTICS OF A MODEL 
MODIFIED SO SIMJLAIE THE DCOTLAS XE3D-I AIHPLABB 

[S nwnfli grosB-velgbt loading (point 1 an table H and fig. 6) original ailerons 
Installed; recovery 'by rapid full rudder reversal except as noted; recovery 
attempted frcra, and steady-epln. data presented for, rudder full^with spins; 
right erect spins; nodal values are given In terms of corresponding full-scale 


Ailerons 


Against 

Full 

1/3 

Op 

Neutral 

Down 

2/3 Op 
(a) 



a, deg 4l 


f, deg 40 


r» fps 


Turns 

for 

recovery 




367 350 I >*65 >426 >484 


4,o,di 


■4,0,13 

4 




>476 

>476 

*L 

8 

4 1 

2 

a - s | 


“Steep spin. 

tModel tended to turn in opposite direction after recovery. 

Q Recovery atte mpt ed by reversing rudder fr em full with to 
2/3 against the spin. 

“■Recovery attempted before model reached its final steep attitude. 
®Mcdel dived out inverted. 

*Model made periodic Whipping motion. 

%Jodal vent into inverted spin upon reoovery. 

O and D signify Inner vlng up or down, reBpeotivoly, in 
developed spin. 
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Figure 2--Sketch showing dimensional differences in the 

TWO SIZES OF AILERONS TESTED ON THE MODEL. DIMEN- 
SIONS ARE FULL-SCALE, 
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CONFIDENTIAL 


Fig. 




Figure 3.- Photographs of the modified model used to simulate a 

— — -scale model of the Douglas XF3D-1 airplane in the free- 
31.4 

spinning tunnel. The model is shown in the clean condition. 
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Fig. 4 


[uyy^ 


• • 
• • 






Figure 4.- Photographs of the modified model used to simulate a 

31 4 ~ sca -*- e moc * e l 0; f the Douglas XF3D-1 airplane in the free- 

spinning tunnel. The model is shown with the slow-down brakes 
in the fully open position. 
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Fig. 5 



Figure 5.- Photograph showing the test section of the 20-foot free- 
spinning tunnel and a model spinning in the tunnel. 
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Fig. 6 



V*Z Relative mass distribution ^ 

— I I ' ,■ — - ■ ■■ — I I I — ■ n ■"■r ’j IBfe l 

mb 2 increased along the wings 


Figure 6 •— Inertia parameters for loadings possible on the . Douglas 
XF3D~1 airplane and for the loading used on the model (points are 
for loadings listed on table II). NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 


